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7UDQVSRUW5HVHDUFK$UHQD(XURSH
1HZ/LJKWZHLJKW6WUXFWXUHVIRU$GYDQFHG$XWRPRWLYH
9HKLFOHV±6DIHDQG0RGXODU
*XQGROI.RSSD(OPDU%HHKD5RODQG6FK|OOD$OH[DQGHU.RELONHD
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6WXWWJDUW*HUPDQ\
$EVWUDFW
7KHGLVFXVVLRQDURXQGFOLPDWHFKDQJHDQGWKHUHVSRQVLEOHXVHRIUHVRXUFHVKDVSXVKHGWKHWRSLFRIDOWHUQDWLYHGULYH
WHFKQRORJLHVLQWRWKHIRFXVRIWKHSROLWLFVWKHVRFLHW\DQGWKHLQGXVWU\±PDQ\HYHQWDONRIDSDUDGLJPFKDQJH
7KHVSHFLILFUHTXLUHPHQWVRIQHZYHKLFOHVJURZDVDFRQVHTXHQFHRIWKHGLIIHUHQWGULYHWUDLQWHFKQRORJLHVLQIOXHQFHG
IRU H[DPSOH E\ WKH VWRUDJH WHFKQRORJLHV RI HOHFWULF YHKLFOHV 7KH FKDOOHQJH RI OLJKWZHLJKW GHVLJQ GHSHQGV RQ WKH
ERXQGDU\FRQGLWLRQVRIHDFKDOWHUQDWLYHGULYHWUDLQZKLFKLVH[SUHVVHGLQQHZSDFNDJHVDQGORDGSDWKV)RUH[DPSOH
WKHDEVHQFHRIORDGEHDULQJGULYHVWUXFWXUHVLQWKHIURQWHQGRIWKHYHKLFOHFRPSOHWHO\FKDQJHVWKHFUDVKSHUIRUPDQFH
DQGVRVROXWLRQVDQGDQVZHUVIRUWKHVHSUREOHPVPXVWEHIRXQGE\DPRGLILHGFRQVWUXFWLRQ
%HVLGH WKHVHUHTXLUHPHQWV OLJKWZHLJKWGHVLJQ LVDPDLQ WRSLF LQ WKHGHYHORSPHQWRIDXWRPRWLYHVWUXFWXUHVEHFDXVH
WKHPDVVLQIOXHQFHVWKHHQHUJ\FRQVXPSWLRQRIFRQYHQWLRQDOSHWUROGULYHQYHKLFOHVDQGWKHGLVWDQFHUDQJHRIHOHFWULF
YHKLFOHV
7KH,QVWLWXWHRI9HKLFOH&RQFHSWVKDVGHYHORSHGGLIIHUHQWQHZOLJKWZHLJKWFRQFHSWVZKLFKDUHPRGXODUDQGVDIHWR
IXOILO VXFK UHTXLUHPHQWV $Q H[DPSOH LV D FLUFXODU FDUERQ ILEUH UHLQIRUFHG SODVWLF &)53 ULE FRQVWUXFWLRQ DW WKH
SRVLWLRQRIWKHESLOODUWKDWFUHDWHVDOLJKWVDIHSDVVHQJHUFRPSDUWPHQWWRDVVXUHWKHVDIHW\RIWKHSDVVHQJHUVDVZHOO
DV WKH FRPSRQHQWV RI D DOWHUQDWLYH GULYH WUDLQ LQ FDVH RI D VLGH FUDVK $QRWKHU H[DPSOH LV D QHZ OLJKW IURQW HQG
VWUXFWXUH ZKLFK UHVHPEOHV FXUUHQW FRQILJXUDWLRQV LQ WKH SDFNDJH EXW VLPXOWDQHRXVO\ UHYHDOV D FOHDUO\ LPSURYHG
VWUXFWXUDOSHUIRUPDQFH7KLVGHYHORSPHQWLVEDVHGRQDQHIILFLHQWHQHUJ\DEVRUSWLRQPHFKDQLVPLQZKLFKWKHRXWHU
VNLQRIF\OLQGULFDOORQJLWXGLQDOPHPEHUVLVSHHOHGRIILQDFUDVK7KHQHZFRQILJXUDWLRQSHUPLWVDVWUXFWXUHWKDWFDQ
EHDGDSWHGWRGLIIHUHQWVWDQGDUGVZLWKRXWWKHQHHGIRULQWHUYHQWLRQVLQWKHRYHUDOOFRQFHSW

3XEOLVKHGE\(OVHYLHU/WG6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI75$

.H\ZRUGV/LJKWZHLJKWVWUXFWXUHPRGXODU&)53FUDVKPXOWLPDWHULDOGHVLJQYHKLFOHFRQFHSW

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,QWURGXFWLRQDQGREMHFWLYH
7KHQH[WJHQHUDWLRQVRIYHKLFOHGHVLJQVVKRXOGEHGHYHORSHGDLPLQJIRULQGLYLGXDOPRELOLW\ZKLOVWDOVR
UHWDLQLQJVDIHW\HQYLURQPHQWDOIULHQGOLQHVVDQGDIIRUGDELOLW\$QHVVHQWLDOVWHSIRULQFUHDVLQJWKHERG\
V
SHUIRUPDQFHLQWHUPVRIVDIHW\DQGZHLJKWLVWKHFRPELQDWLRQRIKLJKSHUIRUPDQFHPDWHULDOVVXFKDVQHZ
VWHHOJUDGHVRUKLJKSHUIRUPDQFHILEUHFRPSRVLWHPDWHULDOVZLWKDYHKLFOHDUFKLWHFWXUHRSWLPLVHGIRUWKHVH
PDWHULDOV 7KLV LV RULHQWHG WRZDUGV WKH SDFNDJLQJ DQG VDIHW\ UHTXLUHPHQWV RI PRGXODUO\ VWUXFWXUHG
DOWHUQDWLYHSRZHU WUDLQ V\VWHPV7KHEDVLV RI WKHZRUN LV WKHXQLTXH V\QWKHVLV RI UHVHDUFK ILHOGV DW WKH
LQVWLWXWH ZKLFK HQDEOHV ILQGLQJV IURP UHVHDUFK RQ DOWHUQDWLYH SRZHU WUDLQV WR IORZ GLUHFWO\ LQWR QRYHO
OLJKWZHLJKWDQGK\EULGFRQVWUXFWLRQV
'ULYLQJUHVLVWDQFHUHGXFWLRQXVLQJDQHFRQRPLFDOO\VHQVLEOHOLJKWZHLJKWDSSURDFKLVEHLQJSULRULWLVHG
GXHWRWKHORZHUHQHUJ\GHQVLWLHVRIDOWHUQDWLYHSRZHUWUDLQV\VWHPVDQGDFRQVHTXHQWO\VPDOOHUUDQJH,Q
WKLV FRQQHFWLRQ WKH YHKLFOH VWUXFWXUH PXVW IHDWXUH VLPSOH VFDOLQJ DQG PRGXODULVDWLRQ GXH WR VWHDGLO\
GHFOLQLQJSHUPRGHOXQLWFRXQWV)RUWKLVUHDVRQVSHFLDOVLJQLILFDQFHXQGHUOLHVWKHGHILQLWLRQRIWKHH[DFW
LQWHUIDFH EHWZHHQ WKH ERG\ DQG SRZHU WUDLQ7KLV HQVXUHV WKDW GHSHQGLQJ RQ WKH FKDUDFWHULVWLFV RI WKH
YHKLFOH
VGHULYDWLYHGLIIHUHQWHQHUJ\VWRUDJHDQGFRQYHUWHUVDUHVDIHO\LQWHJUDWHGLQWKHYHKLFOHVHH)LJ



)LJ,QWHJUDWLRQRIDOWHUQDWLYHSRZHUWUDLQVLQWKHYHKLFOH
VEDVH
/LJKWZHLJKWVWUXFWXUHV
7KH,QVWLWXWHKDVGHYHORSHGGLIIHUHQWQHZOLJKWZHLJKWFRQFHSWVZKLFKDUHPRGXODUDQGVDIHWRIXOILOOVXFK
UHTXLUHPHQWV>@
$QH[DPSOHLVDFLUFXODU&)53ULEFRQVWUXFWLRQDWWKHSRVLWLRQRIWKHESLOODUWKDWFUHDWHVDOLJKWVDIH
SDVVHQJHUFRPSDUWPHQWWRDVVXUHWKHVDIHW\RIWKHSDVVHQJHUVDVZHOODVWKHFRPSRQHQWVRIDQDOWHUQDWLYH
GULYHWUDLQLQFDVHRIDVLGHFUDVK$QRWKHUH[DPSOHLVDQHZOLJKWIURQWHQGVWUXFWXUHZKLFKUHVHPEOHV
FXUUHQWFRQILJXUDWLRQVLQWKHSDFNDJHEXWVLPXOWDQHRXVO\UHYHDOVDFOHDUO\LPSURYHGVWUXFWXUDO
SHUIRUPDQFH7KLVGHYHORSPHQWLVEDVHGRQDQHIILFLHQWHQHUJ\DEVRUSWLRQPHFKDQLVPLQZKLFKWKHRXWHU
VNLQRIF\OLQGULFDOORQJLWXGLQDOPHPEHUVLVSHHOHGRIILQDFUDVK7KHFRQILJXUDWLRQSHUPLWVDVWUXFWXUH
WKDWFDQEHDGDSWHGWRGLIIHUHQWVWDQGDUGVZLWKRXWWKHQHHGIRULQWHUYHQWLRQVLQWKHRYHUDOOFRQFHSW
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,QQRYDWLYHYHKLFOHVWUXFWXUHLQULEDQGVSDFHIUDPHFRQVWUXFWLRQ
7KHULEDQGVSDFHIUDPHFRQVWUXFWLRQZDVGHYHORSHGXQGHUWKHSUHYLRXVO\PHQWLRQHGREMHFWLYHVLQOLQH
ZLWKRWKHUDUHDVRIWHFKQRORJ\VXFKDVDHURQDXWLFVVHHȈĳȐȜȝĮȉȠĮȡȤİȓȠʌȡȠȑȜİȣıȘȢĲȘȢĮȞĮĳȠȡȐȢ
įİȞȕȡȑșȘțİ+HUHDOWHUQDWLYHSRZHUWUDLQFRPSRQHQWVDUHORFDWHGFHQWUDOO\LQWKHYHKLFOH
VIORRU7ZR
HQGWRHQGVLGHPHPEHUVZKLFKVLPXOWDQHRXVO\UHFHLYHWKHSRZHUWUDLQV\VWHP
VPHGLDVXSSO\IODQNWKLV
DUHD ODWHUDOO\ 7KH DUHD EHWZHHQ WKH VLGH PHPEHUV DQG WKH RXWHU URFNHU SDQHOV LQFRUSRUDWHV HQHUJ\
DEVRUEHUVIRUVLGHLPSDFWDQGSROHFROOLVLRQ

 )LJ0DWHULDORYHUYLHZLQWKHULEDQGVSDFHIUDPHPRGHO
7KLVKDVWKHDGYDQWDJHWKDWDOWHUQDWLYHHQHUJ\VWRUDJHIRUQDWXUDOJDVRUK\GURJHQFDQEHDUUDQJHGLQDQ
LQWUXVLRQUHVLVWDQWPRGXODUDUHDZLWKVWDQGDUGLVHGGLPHQVLRQVWKHFHQWUHRIJUDYLW\FDQEHORZHUHGDQG
ZHLJKWGLVWULEXWLRQFDQEHRSWLPLVHG7KHYHKLFOH
VVWUXFWXUHLVIRUPHGE\WKUHHULEVZKHUHWKH$%DQG
&SLOODUVDQGWKHWZRURRIFURVVEDUVDUHORFDWHGWRGD\+HUHWKHULEVFRQWULEXWHSULPDULO\WRPDLQWDLQLQJ
WKHSDVVHQJHUFRPSDUWPHQWGXULQJDQDFFLGHQWDQGWKXVWRWKHSDVVHQJHUV
VDIHW\)RUWKLVUHDVRQWKHULEV
DUHPDQXIDFWXUHGIURPWKHKLJKSHUIRUPDQFHPDWHULDO&)53&RQQHFWLRQRIWKHKLJKO\VWUHVVHGILEUH
FRPSRVLWHULEVZLWKWKHJHRPHWULFDOO\VLPSOHPHWDOSURILOHVRFFXUVYLDKLJKO\LQWHJUDWHGFDVWFRPSRQHQWV
7KLVLVKRZZKDWZHFDOOWKH&)53LQWHQVLYHPXOWLPDWHULDOGHVLJQRU
6WXWWJDUWPRGHO
LVFUHDWHG7KLV
FRQVWUXFWLRQLQFUHDVHVVDIHW\DQGUHGXFHVZHLJKWDQGWKHFRVWLQWHQVLYHXVHRI&)53LVUHVWULFWHGWRWKH
QHFHVVDU\SODFHV

7KHULE
VOD\RXWGHVLJQDQGDFWLYHSULQFLSOH
7KHESLOODUKDVDPDMRUHIIHFWRQYHKLFOHVDIHW\IRUWKHSDVVHQJHULQVLGHLPSDFWV7RDFKLHYHJRRGFUDVK
SHUIRUPDQFHWKHFRPPRQVWUDWHJ\LVWRGHVLJQDESLOODUZLWKDQDOPRVWULJLGVWUXFWXUHLQWKHXSSHUDUHDRI
WKHSLOODUWRDYRLGDQLQWUXVLRQLQWKHVXUYLYDOVSDFH7KHIRUFHVDUHGLVWULEXWHGLQWKHYHKLFOHXQGHUERG\
DQGURRIVWUXFWXUHDQGSDUWO\DEVRUEHGLQGHIRUPDWLRQRIWKH%SLOODUDQGHVSHFLDOO\LQGHIRUPDWLRQLQWKH
DWWDFKPHQWSRLQWVRIWKHSLOODU>@





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)LJDORDGSDWKVDWDVLGHFUDVK>@EGLIIHUHQWDUHDVRID%SLOODUIURPDQ$XGL$>@


2XU %ULE ZDV LGHQWLILHG DV WKH ULE DQG VSDFH IUDPH FRQVWUXFWLRQ
V FHQWUDO HOHPHQW DQG LWV FRPSOH[
GLPHQVLRQV ZHUH LQWHQVLYHO\ H[DPLQHG 7KH VWDUWLQJ SRLQW RI WKH GHYHORSPHQW ZDV DPHFKDQLFDO EDVLF
SULQFLSOH LQ DXWRPRWLYH FRQVWUXFWLRQ VHH ȈĳȐȜȝĮ ȉȠ ĮȡȤİȓȠ ʌȡȠȑȜİȣıȘȢ ĲȘȢ ĮȞĮĳȠȡȐȢ įİȞ
ȕȡȑșȘțİ ,Q WKH HYHQW RI D VLGH LPSDFW WKH ULE
V ULQJ VWUXFWXUH LQ WKH EDVH EUHDNV RSHQ DERYH D SUH
GHILQHG IRUFH OHYHO DQG WKH LQWDFW ODWHUDO VHFWLRQ RI WKH% ULE URWDWHV DURXQG D KLQJH MRLQW LQ WKH URRI
FURVVEDU DUHD7KLVPHDVXUH VKLIWV HQHUJ\ DEVRUSWLRQ LQWR DQ DUHDRI WKHYHKLFOH
V VWUXFWXUH WKDW LV QRQ
FULWLFDOIRUWKHSDVVHQJHU$WKHDGDQGWRUVRKHLJKWRQO\PLQRULQWUXVLRQVLQWRWKHSDVVHQJHUFRPSDUWPHQW
RFFXUYLDWKHV\VWHP
VNLQHPDWLFVDQGWKHVSDFHIRUWKHGHSOR\PHQWRIDGGLWLRQDOVDIHW\V\VWHPVUHPDLQV
LQWDFW>@













)LJ7KHULE
VDFWLYHPHFKDQLFDOSULQFLSOH
,QSUHSDUDWLRQIRUWKHWRSRORJ\RSWLPL]DWLRQZKLFKZDVFRQGXFWHGRQDJHQHULFVSHFLPHQHTXLYDOHQW
VWDWLFORDGVPHHWLQJ(XUR1&$3VLGHLPSDFWUHTXLUHPHQWVKDGWREHH[WUDFWHGIURPH[LVWLQJG\QDPLF
VLPXODWLRQV %HVLGHV GLIIHUHQW ORDG GLUHFWLRQV IURP WKH VLGH LPSDFW WKH JHQHULF VSHFLPHQ
V
HLJHQIUHTXHQF\ZDVWDNHQLQWRFRQVLGHUDWLRQWRREWDLQDILQHUVWUXFWXUHLQWKHWRSRORJ\RSWLPL]DWLRQ
7KH FURVV VHFWLRQ GHVLJQ IURP WKH VSHFLPHQZDV UHYLHZHGZLWK D YLHZ WR VWLIIQHVV UHVLVWDQFH DQG WKH
PDVV 7KH VLPXODWLRQ
V UHVXOWV ZHUH WUDQVIRUPHG LQWR PDQXIDFWXUDEOH FURVV VHFWLRQV WDNLQJ YDULRXV
FRPELQDWLRQVRIPDWHULDOVLQWRFRQVLGHUDWLRQVHH)LJXUH


VWLII DUHD
GXFWLOH DUHD
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)LJ7RSRORJ\RSWLPL]DWLRQRIWKHEULEVWUXFWXUH

6XEVHTXHQW EHQFKPDUNLQJ RI WKH YDULRXV FRPELQDWLRQV OHG WR D WKUHHOD\HUHG VWUXFWXUH VHH )LJXUH 
FRPSULVLQJDQLQQHUDQGDQRXWHUVKHOODVZHOODVDQ³RPHJD´VKDSHGSURILOHIRUVWDELOL]LQJWKHVWUXFWXUH
,Q DGGLWLRQ UHLQIRUFHPHQWV DQG HQHUJ\ DEVRUEHUV FUDVK FRQHV DUH ORFDWHG LQ WKH ULE
V ORZHU DUHD
,QGLYLGXDOSDUWVDUHFRQQHFWHGZLWKWKHKHOSRIDVWUXFWXUDODGKHVLYHVXLWDEOHIRUWKHG\QDPLFORDG


)LJ7KHULE
VVWUXFWXUH
,QSUHWHVWVGLPHQVLRQLQJRIILEUHFRPSRVLWHHQHUJ\DEVRUEHUVIRULQVWDOODWLRQERWKZLWKLQWKHULEDQG
DOVREHWZHHQ VLGHPHPEHUVDQG URFNHUSDQHOV KDVEHHQ VWXGLHG LQGURSWRZHU WHVWV VHH)LJXUH7KH
ZHLJKWVSHFLILFDEVRUSWLRQFDSDFLW\RI KLJKSHUIRUPDQFHFDUERQILEUHPDWHULDO LVEHWZHHQN-NJDQG
N-NJZKLFKLVDERXWWZLFHDVODUJHDVIRUPHWDOOLFPDWHULDOV$FORYHUOHDIVKDSHGEDVHVXUIDFHWXUQHG
RXW WR EH WKH EHVW FURVV VHFWLRQ XQGHU WKH JLYHQ FRQGLWLRQV LQ WKH H[SHULPHQWV SHUIRUPHG DW WKH '/5
LQVWLWXWHRIVWUXFWXUHVDQGGHVLJQ

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
)LJ5HVXOWVRIGURSWRZHUWHVWVFRQGXFWHGDWWKHSDUWQHU,QVWLWXWHRIVWUXFWXUHVDQGGHVLJQ
7KH WHVWHG FUDVK WXEH KDG QR WULJJHU 7KLV LV ZK\ WKH IRUFHGHIRUPDWLRQ FXUYH VKRZV UHODWLYHO\ KLJK
RVFLOODWLRQVDW WKHEHJLQQLQJ7KHRYHUDOOV\VWHP
VG\QDPLFOD\RXWGHVLJQZDVFDUULHGRXWLQDFFRUGDQFH
ZLWKWKH(XUR1&$3
VVLGHLPSDFWUHTXLUHPHQWV7KHEDUULHUNJLPSDFWVWKHVWDQGLQJVWUXFWXUHDW
NPK7KHVWUXFWXUHLVLPSDFWHGDWDKHLJKWRIPPPHDVXUHGIURPWKHYHKLFOH
VEDVH7KXVWKHHQHUJ\
DEVRUSWLRQ ]RQH DQG IRUFH WUDQVPLVVLRQ SRLQW RI WKH EDUULHU DUH QRW DW WKLV KHLJKW 7KH ULE
V ODWHUDO
VWUXFWXUH WKH DUHD RI WRGD\
V %SLOODU LV WKXV H[SRVHG WR D KLJK EHQGLQJ ORDG 3UHGLPHQVLRQLQJ LQ
GLIIHUHQWULEVHFWLRQVIROORZHGIURPWKHVWDWLFHTXLYDOHQWORDGV:DOOWKLFNQHVVHVZHUHWKHQFRQWLQXRXVO\
DGDSWHGWRWKHUHVSHFWLYHO\RFFXUULQJORDGV

7KHWHVWUHVXOWVVKRZWKDWLWZDVSRVVLEOHWRIXOILOWKHVSHFLILFDWLRQVLPSRVHGRQWKHULE&RPSDUHGWR
WKH UHIHUHQFH VWUXFWXUH ZKLFK LV D W\SLFDO %SLOODU IURP DPHGLXPFODVV YHKLFOH WKH ZHLJKW RI WKH ULE
FRQVWUXFWLRQZLWKLQWKHVHFWLRQXQGHUFRQVLGHUDWLRQZDVUHGXFHGE\WRNJ7KHZHLJKWUHGXFWLRQLV
OLPLWHGWRDERXWRQHWKLUGRIWKHLQLWLDOYDOXHEHFDXVHWKHULEVSDFHIUDPHWDNHVDGGLWLRQDOIXQFWLRQVLQWR
FRQVLGHUDWLRQHVSHFLDOO\WKHLQWHJUDWLRQRIDOWHUQDWLYHSRZHUWUDLQVLQWKHYHKLFOH
VEDVH
'HYHORSPHQWRIWKHVHFRQGJHQHUDWLRQ
7KHVHFRQGJHQHUDWLRQULEZDVGHYHORSHGWRPHHWHYHULQFUHDVLQJVDIHW\UHTXLUHPHQWV7KLVULEVKRXOG
PHHWQRWRQO\(XUR1&$3VLGHLPSDFWFULWHULDEXWVKRXOGDOVREHDUXSXQGHUWKH$PHULFDQ,,+6
VVLGH
LPSDFWUHTXLUHPHQWV7KHEDUULHU
VPDVVLQFUHDVHVIURPNJWRNJZLWKWKHVDPHLPSDFWVSHHG
0RUHRYHU WKH IRUFHDSSOLFDWLRQSRLQWPRYHV IXUWKHU LQ WKH]GLUHFWLRQYHUWLFDOYHKLFOHD[LVGXH WR WKH
EDUULHU
VJUHDWHUJURXQGFOHDUDQFHZKLFKLQFUHDVHVE\PPWRPP7KHFRQVHTXHQFHRIWKLVLVWKDW
JUHDWHUFUDVKHQHUJ\KDVWREHDEVRUEHGDQGGLVVLSDWHGLQDQXQVWDEOHDUHDRIWKHYHKLFOH
VVWUXFWXUHDERYH
WKHURFNHUSDQHOV,PSURYHPHQWVLQWKLVFRQQHFWLRQYHUVXVWKHILUVWJHQHUDWLRQOLHDPRQJRWKHUWKLQJVLQ
LPSURYHG LQWHJUDWLRQ RI WKH ULE RQ WKH VSDFH IUDPH
V DGMDFHQW VXSSRUW VWUXFWXUH 7KH URRIFURVVEDU ULE
LQWHUIDFH UHFHLYHG VSHFLDO DWWHQWLRQ LQ WKLV FRQQHFWLRQ 7HVWHQYLURQPHQW FKDQJHV FRUUHVSRQGLQJ HYHQ
PRUH FORVHO\ WR WRGD\
V YHKLFOH VWUXFWXUHV DOVR FRQWULEXWHG WR D PRUH UHDOLVWLF SLFWXUH RI FRPSRQHQW
EHKDYLRXULQWKHFRPSRQHQWWHVW
7KHGHYHORSPHQWRIVHFRQGJHQHUDWLRQIUDPHVWRRNSODFHLQWKH
1RYHO9HKLFOH&RQFHSWVDQG6WUXFWXUHV

SURMHFWDWWKH,QVWLWXWHIRUFRPSRVLWHVWUXFWXUHVDQGDGDSWLYHV\VWHPV7KHSURWRW\SHIDEULFDWLRQRIWKHULE
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DWWKH,QVWLWXWHZDVFRQGXFWHGXVLQJDVLQJOHVKHOOWRROFRQFHSWDQGWKHYDFXXPLQIXVLRQSURFHVV9$5,
LQWKHDXWRFODYH
9DOLGDWLRQRIWKHULESURWRW\SH
$IWHUFRPSOHWLRQRIWKHSURWRW\SHWKH,QVWLWXWHLQYHVWLJDWHGWKHSURGXFWLRQTXDOLW\RIWKHDVVHPEOHGULE
LQ WKH FRPSXWHU WRPRJUDSK\ &77KLV HQVXUHV WKDW WKH H[DFW FDXVH FDQEH LGHQWLILHGZKHQSUHPDWXUH
IDLOXUH RFFXUV GXULQJ WKH WHVW $ SUHOLPLQDU\ VWDWLF LQYHVWLJDWLRQ RI WKH FRPSRQHQW ZDV VXEVHTXHQWO\
FRQGXFWHGDWWKH,QVWLWXWH+HUHEHIRUHWKHDFWXDOFUDVKWKHVWUXFWXUH
VVWLIIQHVVVKRXOGEHUHFRQFLOHGZLWK
WKH VLPXODWLRQ DQG DQ\ ZHDNQHVVHV SRVVLEO\ VKRZLQJ XS VKRXOG EH FKHFNHG )XUWKHUPRUH SRVLWLRQV
LGHQWLILHGLQWKHVLPXODWLRQIRUWKHDSSOLFDWLRQRIWKHVWUDLQJDXJHZHUHFKHFNHG
)RU WKLV SXUSRVH GLIIHUHQW VWDWLF ORDG FDVHVZHUH H[DPLQHG7KH ULE
V FULWLFDO DUHDZDV VXEVHTXHQWO\
LQYHVWLJDWHG LQ GHWDLO XVLQJ RSWLFDO VWUDLQ PHDVXUHPHQW VHH )LJXUH  7KLV PHDVXUHPHQW V\VWHP
V
DGYDQWDJHLVWKDWWKHGLVSODFHPHQWVZKLFKWKHV\VWHPFRQYHUWVLQWRVWUDLQVDUHUHFRUGHGRYHUDODUJHDUHD
7KDW ZD\ LW LV VXEVHTXHQWO\ SRVVLEOH WR DSSO\ WKH VWUDLQ JDXJHV QHFHVVDU\ IRU WKH G\QDPLF WHVW DW WKH
ORFDWLRQVRIJUHDWHVWVWUDLQ




)LJD6WUDLQVGXULQJWKHVWDWLFLQYHVWLJDWLRQEVWDWLFH[SHULPHQWVHWXS
,WZDVSRVVLEOHWRLGHQWLI\WKHULE
VPRVWFULWLFDOSRLQWDWWKLVWLPHXVLQJWKHYLUWXDOLQYHVWLJDWLRQDQGWKH
VWDWLFWHVWV7KHKLJKHVWVWUDLQVGXULQJWKLVWHVWZHUHGHWHFWHGDWSRVLWLRQVDQGLQWKHULE
VEDVHDUHDVHH
ȈĳȐȜȝĮ ȉȠ ĮȡȤİȓȠ ʌȡȠȑȜİȣıȘȢ ĲȘȢ ĮȞĮĳȠȡȐȢ įİȞ ȕȡȑșȘțİ 7RZDUGV WKH UHWDLQHU IRU WKH VLGH
PHPEHUWKHVWUDLQLQSRVLWLRQ
VUHFRUGHGDUHDLQFUHDVHVWRDWDORDGRIN1
0D[LPXP VWUDLQ LQ WKH DUHD RI SRVLWLRQ  LV  7KDW PHDQV WKDW WKH VWUDLQ EHWZHHQ WKHVH WZR
SRVLWLRQVH[KLELWVDPD[LPXPYDOXHRIRUPHDQZKLOHULVHVWRDJUHDWHUYDOXH)RUWKLVUHDVRQWZR
VWUDLQJDXJHVZHUHDWWDFKHGEHWZHHQSRVLWLRQVDQGIRUWKHG\QDPLFWHVWVHH

 )LJD7KHFUDVKWHVW
VWHVWVWUXFWXUHRQWKHG\QDPLFFRPSRQHQWWHVWIDFLOLW\DWWKH,QVWLWXWHE7KHULE
VIDLOXUHPRGH
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RQHRQWKHDGKHVLYHIODQJHEHFDXVHWKHVLPXODWLRQLQGLFDWHGWKHJUHDWHVWWHQVLRQVKHUHDQGRQHMXVW
EHKLQGWKHUDGLDODUHDDERYHWKHIODQJHEHFDXVHWKHVWDWLFLQYHVWLJDWLRQVVKRZHGWKHJUHDWHVWVWUDLQWKHUH
VHH)LJXUH
$IWHUFRQGXFWLQJWKHVWDWLFWHVWVDQGDSSOLFDWLRQRIWKHVWUDLQJDXJHVWKHULEZDVLQVWDOOHGLQDVXEVWLWXWH
VWUXFWXUHUHSUHVHQWLQJDPLGVL]HGYHKLFOH$VWUXFWXUHUHSUHVHQWLQJWKHURRIFURVVEDUURFNHUSDQHOVLGH
PHPEHU DQG GRRUV LQ DEVWUDFW IRUPZDV GHYHORSHG DFFRUGLQJO\7KHQ WKH FUDVK WHVWZDV FRQGXFWHG LQ
DFFRUGDQFHZLWKWKHSUHYLRXVO\PHQWLRQHG$PHULFDQ,,+6VLGHLPSDFW$WWKHWHVWIDFLOLW\WKHFUDVKVOHG
ZLWKWKHEDUULHULVDFFHOHUDWHGWRNPKZLWKLQPXVLQJFRPSUHVVHGDLU,WVWULNHVWKHIUHHVWDQGLQJ
WHVWVOHGRQZKLFKWKHVXEVWLWXWHVWUXFWXUHLVPRXQWHGVHH)LJXUHD7KHFROOLVLRQDFFHOHUDWHVWKHIUHH
VWDQGLQJ WHVW VOHG VRPHZKDW DQG LW FDQ JLYH ZD\ EDFNZDUG ZKLFK VLPXODWHV D SDVVHQJHU YHKLFOH
V
EHKDYLRXUGXULQJDVLGHLPSDFW

 )LJD7KHFUDVKWHVW
VWHVWVWUXFWXUHRQWKHG\QDPLFFRPSRQHQWWHVWIDFLOLW\DWWKH,QVWLWXWHE7KHULE
VIDLOXUHPRGH
7KHSXUHO\YLVXDO UHVXOWRI WKH ,,+6VLGH LPSDFW VKRZV WKDW WKH ULE LVQRW IDWDOO\FROODSVHG WKXV WKH
VXUYLYDOVSDFHIRURFFXSDQWVKDVEHHQSUHVHUYHG7KDWZDVWKHPRVWLPSRUWDQWFULWHULRQIRUWKLVWHVWDQG
IRU WKH OD\RXWGHVLJQ'DPDJHIHDWXUHVKHUHDUH WKH WHDULQJRIIRI WKHURRIFURVVEDU IDLOXUHRI WKHRXWHU
VKHOORYHU WKHURFNHUSDQHO IDLOXUHRI WKHDGKHVLYHEHWZHHQERWKVKHOOVDQG ILQDOO\ WKHEUHDNDJHRI WKH
LQQHUVKHOOLQWKHEDVHDUHDVHH

 )LJD7KHFUDVKWHVW
VWHVWVWUXFWXUHRQWKHG\QDPLFFRPSRQHQWWHVWIDFLOLW\DWWKH,QVWLWXWHE7KHULE
VIDLOXUHPRGH
E7KHLQQHUVKHOOZDVGLVSODFHGE\DERXWPPGXULQJIDLOXUH
$VWKHDQDO\VLVRIWKHVWUDLQJDXJHVIURPWKHG\QDPLFWHVWVKRZVWKHDUHDEHWZHHQSRVLWLRQVDQG
ZDVWKHPRVWKHDYLO\ORDGHGDVZDVSUHYLRXVO\WKHFDVHLQWKHVWDWLFLQYHVWLJDWLRQVHHVWUDLQJDXJH)LQ
)LJXUH
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
)LJ6HOHFWHGVWUDLQJDXJHVLJQDOVGXULQJWKHG\QDPLFWHVW
7KH VLGHLPSDFW SURFHVV FDQ EHGLYLGHG LQWR IRXUSKDVHVKHUH$W WLPH W  WKHEDUULHU LPSDFWV WKH
GRRUVFDXVLQJWKHLQLWLDOGHIRUPDWLRQVDQGDFFHOHUDWLRQVRIWKHIUHHVWDQGLQJWHVWVOHG
 
 WGHIRUPDWLRQRIWKHULE
 WDGKHVLYHVHDPIDLOXUHZKLFKLVZK\DVOLJKWVWUDLQJDXJHUHOLHIRFFXUV
 WEUHDNDJHRIWKHLQQHUVKHOOZKLFKLVZK\VWUDLQJDXJHV(DQG)DUHEULHIO\UHOLHYHG
 WZHGJLQJRIWKHEURNHQVKHOODQGVKHDULQJRIIRIVWUDLQJDXJH(
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6DIHDQGHDV\DGDSWDEOHIURQWHQGVWUXFWXUH
'XH WR WKHLU PRGLILHG SDFNDJH DOWHUQDWLYH GULYHQ YHKLFOH FRQFHSWV LQFUHDVH WKH UHTXLUHPHQWV RQ WKH
GHVLJQ RI YHKLFOH IURQW HQGV 6WDWHRIWKHDUW SDVVHQJHU FDUV XVLQJ D IURQW VWUXFWXUH GHVLJQ ZKLFK LV
GRPLQDWHGIURPWZRORQJLWXGLQDOUDLOVVHH)LJXUH7\SLFDOO\LQDQDFFLGHQWDVLJQLILFDQWSDUWRIWKH
NLQHWLFHQHUJ\RIWKHYHKLFOHZLOOEHDEVRUEHGE\EXFNOLQJRIWKHORQJLWXGLQDOUDLOV6DIHW\UHOHYDQWFUDVK
ORDG FDVHV DUH GHFLVLYH IRU WKH GHVLJQ RI IURQW HQG VWUXFWXUHV 7KH IURQW ORFDWHG SURSXOVLRQ XQLWV DUH
LQWHJUDWHGWLJKWO\LQWRWKHVWUXFWXUDOEHKDYLRU>@










)LJ)URQWHQGVWUXFWXUHRIDIURQWZKHHOGULYH>@

)XWXUH YHKLFOHV ZLOO LQ HVVHQFH RIIHUPRUH GLIIHUHQW SURSXOVLRQ RSWLRQV VR WKDW OD\RXW GHVLJQ RI VDIHW\
VWUXFWXUHV LQ WKH IURQW HQG PXVW EH PRUH VRSKLVWLFDWHG ,Q FRQYHQWLRQDO IURQW VWUXFWXUHV SRZHUWUDLQ
FKDQJHVZRXOGOHDGWRLQFUHDVHGGHYHORSPHQWHIIRUWDQGWRPDQ\FRVWLQWHQVLYHVWUXFWXUDOYDULDQWV
7KHGHYHORSPHQWREMHFWLYHLQWKHIURQWHQGDUHDLVWKHUHIRUHWKHFUHDWLRQRIERG\VWUXFWXUHVH[KLELWLQJ
IDYRXUDEOHIURQWHQGVWUXFWXUHEHKDYLRXUWKURXJKVXLWDEOHFRQVWUXFWLRQDQGPRGLILHGFUDVKPDQDJHPHQW
$ JRRG VWUXFWXUDO EHKDYLRXU LQGHSHQGHQW RI WKH SDUWLFXODU W\SH RI SURSXOVLRQ ZRXOG EH EHQHILFLDO $
IXUWKHUREMHFWLYHLVVLPSOHDGMXVWPHQWRIWKHUHTXLUHGHQHUJ\DEVRUSWLRQZLWKRXWPDMRULQWHUYHQWLRQVLQWR
WKHEDVLFVWUXFWXUH
$QHZW\SHRIHQHUJ\DEVRUSWLRQPHFKDQLVPLQZKLFKHQHUJ\LVDEVRUEHGE\WKHSHHOLQJRIWKHRXWHU
VNLQRIDWHOHVFRSLFWXEHKDVEHHQGHYHORSHGWRDFKLHYH WKHREMHFWLYHVDERYHVHH)LJ+LJKVSHFLILF
HQHUJ\DEVRUSWLRQRIPRUHWKDQ.-NJ>@DQGQHDULGHDOIRUFHSDWKVDQGWUDMHFWRULHVFKDUDFWHULVHWKLV
PHFKDQLVP7KLVSULQFLSOHZDVWKHQLQWHJUDWHGLQWRDQRYHOYHKLFOHVWUXFWXUH


 )LJ*HQHULFWHVWFRPSRQHQWRIDVLGHPHPEHUDVSHHOLQJWXEH
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7KHIURQWHQGFRQFHSW
VOD\RXWGHVLJQ
'HSHQGLQJRQWKHLUGHVLJQVLGHPHPEHUVWUXFWXUHVUHDFWVHQVLWLYHO\WRQRQD[LDOIRUFHVLQFUDVKFDVHV
,QWRGD\
VYHKLFOHVSURSXOVLRQFRPSRQHQWVVXSSRUWVLGHPHPEHUVWUXFWXUHVGXULQJDQDFFLGHQW6WUXFWXUDO
LQWHJUDWLRQ RI WKH SRZHU WUDLQ LV EHFRPLQJ HYHU PRUH FRPSOH[ LQ WKH IDFH RI LQFUHDVLQJ SRZHU WUDLQ
YDULDQFH6RWKHJHQHUDOUHTXLUHPHQWVIRUDIURQWZKHHOGULYHFRPEXVWLRQHQJLQHYHKLFOHDQGDQHOHFWULF
YHKLFOHHTXLSSHGZLWKZKHHOKXEPRWRUVDUHYHU\GLIIHUHQW$OVRWKHQHHGIRUKHDY\EDWWHU\PRGXOHVLQ
WKHYHKLFOHVLJQLILFDQWO\FKDQJHVWKHPDVVGLVWULEXWLRQLPSRUWDQWIRUFUDVKPDQDJHPHQWLQWKHIURQWHQG
6RWKHWDVNRIDVDIHIURQWHQGVWUXFWXUHLVWRDVVXPHWKHSRZHUWUDLQ
VVWUXFWXUDOIXQFWLRQVWKXVUHGXFLQJ
WKH LQIOXHQFHRIFKDQJHV LQ WKHSRZHU WUDLQ
VDUFKLWHFWXUH7KLV LVDFKLHYHGE\ WKHVXUURXQGLQJVWUXFWXUH
VXSSRUWLQJVKRULQJVLGHPHPEHUVDJDLQVWREOLTXHIRUFHV
$ IURQW HQG VWUXFWXUH ZDV WKHUHIRUH GHYHORSHG LQ ZKLFK WKUHH RYHUODSSLQJ ORQJLWXGLQDO VWUXFWXUHV
PXWXDOO\VXSSRUWDQGWKXVVWDELOLVHHDFKRWKHUWKURXJKVSDWLDOFRQQHFWLRQ7KHVLGHPHPEHUVWUXFWXUHVDUH
FRQQHFWHG WR RQH DQRWKHU LQ WKH WUDQVYHUVH GLUHFWLRQ YLD D IRUZDUG IURQWHQGPHPEHU VR WKDW QRQD[LDO
IRUFHVDUHDEVRUEHGE\DWRWDORIVL[VLGHPHPEHUVWUXFWXUHVVHHȈĳȐȜȝĮȉȠĮȡȤİȓȠʌȡȠȑȜİȣıȘȢĲȘȢ
ĮȞĮĳȠȡȐȢ įİȞ ȕȡȑșȘțİ >@ )RU LQVWDQFH HVVHQWLDO LQVWDOODWLRQ VSDFHV IRU GLIIHUHQW SRZHUWUDLQ
FRPSRQHQWVDUHUHWDLQHGKHUH











)LJ'HVLJQVNHWFKDQGGHWDLOHGGHVLJQRIWKHQHZIURQWHQG

7KH PDLQ VLGH PHPEHU FRQVLVWV RI D GRXEOH WHOHVFRSH WXEH LQ ZKLFK HQHUJ\ LV DEVRUEHG E\ PHWDO
FXWWLQJ DW WZR ORDG OHYHOV 7KH ILUVW OHYHO IXOILOV $=7 LQVXUDQFH UHTXLUHPHQWV $Q DGYDQWDJH RI WKLV
VWUXFWXUDO GHVLJQ LV WKDW WKH UHWUDFWLQJ IURQW WXEH LQFUHDVLQJO\ VWLIIHQV WKH WXEH VWUXFWXUH EHKLQG LW 7KH
FRQQHFWLRQRIWKHVL[ORDGSDWKVVKRXOGEHPDLQWDLQHGWKURXJKRXWWKHHQWLUHFUDVK7KHXVHRISHHOWXEHVLQ
WKHGHYHORSHGYHKLFOHVWUXFWXUHHQDEOHVHDV\DGMXVWPHQWRIWKHORQJLWXGLQDOIURQWHQGIRUFHVUHTXLUHGIRU
HQHUJ\ DEVRUSWLRQ )RU LQVWDQFH LI WKH PDVV GLVWULEXWLRQ FKDQJHV GXH WR WKH VHOHFWLRQ RI D GLIIHUHQW
SURSXOVLRQV\VWHPWKHVLGHPHPEHUIRUFHFDQEHDGDSWHGE\FKRRVLQJDGLIIHUHQWFXWWLQJGHSWKPRGLILHG
FXWWLQJFRPSRQHQW>@
9DOLGDWLRQRIWKHVWUXFWXUDOFRQFHSWXVLQJVLPXODWLRQ
%HVLGHV D SRVVLEOH OLJKWZHLJKW FRQVWUXFWLRQ SRWHQWLDO WKLV PXWXDO VWLIIHQLQJ RI WKH VWUXFWXUHV FDQ
PDLQO\DFKLHYH VLJQLILFDQWO\ LPSURYHGVWUXFWXUDOSURSHUWLHV6LPXODWLRQRID IURQWDO FUDVKDJDLQVW D
LQFOLQHGZDOOZLWKKDOIYHKLFOHRIIVHWVHH)LJLPSUHVVLYHO\VKRZVWKHQRYHOVWUXFWXUH
VSRWHQWLDO

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

)LJ&RPSDULVRQRIWKHUHIHUHQFH
VFUDVKSURSHUWLHVOHIWZLWKWKRVHRIWKHGHYHORSHGIURQWHQGULJKW
+HUH WKH QHZO\ GHYHORSHG GHVLJQ RIIHUV QRW RQO\ VWUXFWXUDO DGYDQWDJHV EXW DOVR ZHLJKW VDYLQJV RI
DURXQGSHUFHQW>@FRPSDUHGWRDFRQYHQWLRQDOVWHHOERG\IURQWHQGFRQVWUXFWLRQ7KHVWUXFWXUHHQDEOHV
D FRQVWUXFWLRQZLWK FRQVLGHUDEO\ LPSURYHG VDIHW\ YHUVXV FRQYHQWLRQDO VWUXFWXUHV 7KLV SURSHUW\ FDQ EH
XVHG WR DGYDQWDJH LQ YHKLFOHV ZLWK DOWHUQDWLYH SRZHU WUDLQV WR FLUFXPYHQW FRVWLQWHQVLYH DGDSWLYH
GHYHORSPHQWV DQG VWUXFWXUDO YDULDWLRQV 7KH GHYHORSHG IURQW HQG VWUXFWXUH RSHQV WKH SRVVLELOLW\ RI
HTXLSSLQJ ERWK FRQYHQWLRQDO YHKLFOHV DQG WKRVH ZLWK DOWHUQDWLYH SRZHU WUDLQV ZLWKRXW IXQGDPHQWDO
VWUXFWXUDOFKDQJHV
6XPPDU\DQGRXWORRN
9HKLFOHGHYHORSPHQWZLOO DOZD\V UHPDLQ FORVHO\ DVVRFLDWHGZLWK WKHGHYHORSPHQWRI QHZPDWHULDOV
WKHUHTXLUHPHQWVDQGE\WKHDUFKLWHFWXUDOFRQFHSWZLWKDQDSSDUHQWWUHQGWRZDUGVPXOWLPDWHULDOGHVLJQ±
WKHULJKWPDWHULDO IRUHDFKXVHDQGHDFKSODFH LQ WKHYHKLFOH7KLVPHWKRGRIFRQVWUXFWLRQVWLOOSUHVHQWV
PDMRU FKDOOHQJHV HJ ZLWK UHJDUG WR MRLQLQJ FRPSRQHQWV RU UHF\FOLQJ $QRWKHU FKDQJH LQ YHKLFOH
DUFKLWHFWXUH LV LQLWLDWHG E\ DOWHUQDWLYH SRZHU WUDLQV 7KLV DOORZV GHYLDWLRQ IURP D FODVVLFDO V\VWHP
FRQILJXUDWLRQ  VXFK DV WRGD\¶V LQWHUQDO FRPEXVWLRQ HQJLQH DQG LPSOHPHQWDWLRQ RI QHZ VROXWLRQV7KH
REMHFWLYHRIWKHVHPHDVXUHVUHPDLQVWKHUHGXFWLRQRIFOLPDWHGDPDJLQJ&2HPLVVLRQV
7KHH[DPSOHVVKRZQLOOXVWUDWHWKDWHFRQRPLFDOO\DWWUDFWLYHOLJKWZHLJKWVWUXFWXUHVFDQEHGHYHORSHGE\
WKH DSSOLFDWLRQRI FRPSUHKHQVLYH OLJKWZHLJKW FRQVWUXFWLRQ VWUDWHJLHV LQ FRQMXQFWLRQZLWKPXOWLPDWHULDO
GHVLJQ$PDMRUSRWHQWLDOSDUWLFXODUO\OLHVLQWKHDSSOLFDWLRQRIFRQFHSWRULHQWHGOLJKWZHLJKWGHVLJQ1HZ
LQQRYDWLYHOLJKWZHLJKWGHVLJQVROXWLRQVFDQKRZHYHURQO\EHGHYHORSHGRQWKHEDVLVRIDQXQGHUVWDQGLQJ
RI WKHUHTXLUHPHQWV WKHDELOLW\ WRGHULYHQHZPHWKRGVRIFRQVWUXFWLRQ IURPWKLVEURDGPDWHULDOUHODWHG
NQRZOHGJHDQGFRPSHWHQWDSSOLFDWLRQRIFRQVWUXFWLRQDQGFDOFXODWLRQWRROVIRURSWLPDOFRPSRQHQWGHVLJQ
7KHWDVNRIWKH,QVWLWXWHLVWRXWLOL]HWKHVHDELOLWLHVWRSURYLGHWHFKQRORJLHVIRUPRUHHIILFLHQWYHKLFOHV
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